A survey of soybean fields in Hiroshima Prefecture revealed that the incidence of purple stain caused by Cercospora kikuchii in soybean (Glycine max (L.) Merr.) seeds has been significantly promoted by sowing seeds in the middle of rainy season (early-sowing). The progress of disease on leaves of plants from early-sown seeds was more marked during the rainy reason, especially when the disease has already established before the onset of the rainy season. This promotion of disease development was recognized not only on the leaves but also on seeds and lasted until harvest time. This effect of early sowing of seeds has been attributed to the longer exposure of plants to the rainy season. Late-sowing, which is done in early July, had afforded the plants some time to escape the rainy season and hence, enabled them to be less prone to the disease. In addition, seed maturation period in early-sowing field was longer than that in late-sowing, and thus, exposing the seeds to a longer infectious period.
INTRODUCTION
It has been well recognized in Japan that the early sown and transplanted rice plants exhibited less blast infection (Kozaka, 1963) . Likewise, the incidence of mosaic of Japanese radish during autumn cultivation was significantly reduced by late sowing of seeds (Kono and Sakai, 1974) . The suppression of these diseases largely depended on the escape from the critical infection period by the pathogen and aphid vectors, whose activities are greatly affected by meteorological factors.
Since purple stain of soybean is a seed-borne disease (Singh and Sinclair, 1984) and is especially affected by precipitation (Fujita, 1990) , the effect of sowing date on its occurrence was investigated by sowing infected seeds in the fields in the middle of rainy season and in the season that almost escaped the rainy season and then followed the progress of disease from the germination stage to harvest time. In addition, to clarify the cultural environment factors that promoted disease incidence on soybean seeds, soybean fields in Hiroshima Prefecture were also investigated. MATERIALS AND METHODS Disease incidence on soybean seeds in farmers' fields under different culture environ-ments.
In 1979, a total of 105 soybean fields located all over Hiroshima Prefecture were investigated for the incidence of purple stain. Five to 10 plants per field were dried out in a greenhouse, after which all mature seeds were harvested and the percentage of diseased seeds was calculated.
The fields used in the study were classified according to several parameters, i.e., sowing and harvesting date and cultivated variety. They were also classified based on following considerations : (1) whether it was a converted paddy field or not and (2) whether the symptom on leaves was recognized in early July or not. The degree of promotion of the disease due to specific culture environment was investigated by comparing the disease incidence on seeds among or between these classified fields.
Progress of disease on soybean plants sown in different dates. Infected seeds of soybean (Glycine max (L.) Merr. cv. Akishirome; moderately maturing variety in Hiroshima Prefecture) were sown in the middle of rainy season (June 15,1981 ; designated as early-sowing), and in the period which almost escaped the rainy season (July 8, 1981 ; designated as late-sowing) in the field of Hiroshima Agriculture Experiment Station. Each plot consisted of 150 m2
(10 x 15 m) and 1 000 plants (0.2 m between plants, 0.75 m between rows). The fields were laid out at about 100 m apart and the early-sowing field located on the leeward side. At the harvest time, about 1 000 fertile pods were harvested randomly and dried at 25°C. From these pods, about 2 500 mature seeds were obtained and then the percentage of infected seeds was calculated. In this, experiment, the growth stages of soybean were confirmed according to the criteria established by Fehr et al. (1971) .
RESULTS

Disease incidence on soybean seeds in farmers' fields under different culture environments
The disease incidence on seeds in early sowing fields was severer than that in late sowing ones ( Table 1) . The occurrence of disease on leaves in early July significantly promoted the spread of seed infection. No significant differences in the level of disease incidence on seeds was found among the other various fields. The disease was first observed on cotyledons at the end of June (Fig. 1 ). The number of infected cotyledons increased toward the beginning of July with about 50% of them having been infected before defoliation.
Progress of disease in the early-sowing field
Then the disease disseminated to other organs in the follow-
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Environ. Control in Biol. ing order : the young stems, primary leaves, foliage leaves (petioles), branches including their leaves and petioles, pods and seeds.
The disease on foliage leaves, which was first recognized on the 1st node of main stem at the middle of July, progressed successively to the 2nd, 3rd and upper leaves. As the disease extended to upper leaves, the number of lesions on each leaf also increased, and every leaf was severely infected until defoliation.
From early July to early September, new leaves developed at 3.5 to 4.3 d-intervals and manifested the disease symptoms after 12 to 17 d. The disease disseminated to upper leaves with the lapse of time. Less than 50% and more than 80% on the 1st to 5th and 11th to 16th leaf, respectively, was infected at the onset of disease which spread to all the leaves just before defoliation (Fig. 1) . The development of new leaves ceased by early September and the number of foliage leaves directly grown from nodes of main stem was 15 to 16 per plant. The disease symptom on the upper most leaves (15th or 16th foliage leaf) was first recognized at the middle of September and then spread to all the leaves within a few days. ( 3)183 the lesions on petioles of the 11th to 16th leaves (upper ones) were recognized at the same time as those on blades at the same nodes, the occurrence of lesions on petioles of the 1st to 10th ones (lower and middle ones) was delayed for a few days compared to that on blades at the same nodes. Infection of all petioles of the 1st to 16th leaves continued until defoliation stage (Fig. 1) . Flowering (R1) (Fehr et al., 1971 ) which began on August 1 was followed by pod formation (R3) which was observed on August 8. By the middle of September, infection of pods has started and the number of affected pods remarkably has increased from the beginning of October. Almost all pods were infected at the harvest time, October 23 ( Fig. 1) . Twentyfour percent of the infected seeds were from mature pods. Most of them showed severe purple discoloration of seed coat. from each organ and defoliated leaves.
From the sowing date, the length of time needed to reach flowering (R1) and seed maturation (from R5 to R8), and to complete the culture period of soybean was 8, 7 and 15 d shorter in the late-sowing than that in the early-sowing, respectively. By shortening the growth period of soybean, 12 to 13 foliage leaves directly developed from the node of main stem per plant in the late-sowing field representing 2 to 3 leaves fewer than those in the early-sowing.
The disease on cotyledons gradually disseminated to other organs following the same process mentioned above (Fig. 2) . The length of time required for the disease to first occur on each organ in the late-sowing did not differ greatly from that in the early one. The disease incidence on each organ, however, was only one half to two thirds of the frequency in the early-sowing field (Fig. 2) . On the other hand, the disease incidence on seeds was 8.8% with few seeds severely discolored to purple. Although the number of defoliated leaves gradually increased from the beginning of September, the disease incidence on defoliated leaves in the late-sowing field has been less severe than that in the early-sowing.
DISCUSSION
The purple stain of soybean is a seed-borne disease (Singh and Sinclair, 1984) and easily spreads from infected seeds to the newly developed organs (Showaku and Matsuo, 1980) . In order to be assured of the development of the disease from the early-growing stages of soybean, the seeds which were already infected with the disease were used for cultivation.
The symptoms of purple stain on soybean leaf, petiole, stem, pod and seed have been described by Murakishi (1951) . Except for the typical purple discoloration of seeds, however, these symptoms were not easily distinguisheable from those of other spot diseases. Because of this, the progress of the disease during field cultivation has not been clearly understood.
To clarify the progress of the disease from the germination stage to the harvest stage, conidial formation of causal pathogen in the sampled lesions was observed under the microscope.
During the experiment, the conidia of causal pathogen were always detected on the diseased defoliated leaves. Otofuji et al. (1981) have also observed conidial formation of Cercospora kikuchii on the lesions of diseased defoliated leaves of soybean during the progress of an epidemic, purple stain of soybean in the fields. From these facts, it was indicated that these defoliated leaves could be an important infection source.
Conidial formation of causal pathogen was detected in about 90% of the sampled lesions from both early and late-sowing fields suggesting the rapid transmission of purple stain of soybean from the infected seeds to the newly-developed organs. These results support a similar observation reported by Showaku and Matsuo (1980) . Likewise, tobacco ring-spot virus of soybean has also been transmitted easily from the infected seeds to the newlydeveloped organs when the infected seeds were sown in field (Athow and Laviolette, 1961) . Our present results suggest, therefore, that the incidence of the disease in field depends on the sowing of infected seed.
When the diseased seeds were sown in field, the disease initially occurred on cotyledons and then gradually disseminated to the newly-developed soybean organs with the lapse of time in both early and late-sowings. The constant exposure of the newly-developed organs to dispersed conidia from already infected organs allowed infection to continue. Although the manner of disease dissemination was the same in both early and late-sowings, the degree of infection on each organ was severer in the early-sowing. Fujita (1990) reported that weather conditions particularly rainfall profoundly promote the incidence of purple stain of soybean. The acceleration of disease development on soybean leaves such as that observed in the early-sowing field in our Experiment Station can therefore be attributed to the longer encoun- Vol.38, No.4 (2000) (5)185 ter with the rainy season (Fig. 3) . This acceleration which lasted until harvest time, was even greater when the disease on the leaves has already set-in even before the start of the rainy season as is the case of sowing infected seeds at our Experiment Station. Promotion of disease incidence on leaves resulted to the increase of seed infection in the early-sowing fields. Based on the results obtained from our Experiment Station, the longer encounter with the rainy season and the disease occurrence on leaves before and during the rainy season are judged to be the most critical cause of the promotion of the disease incidence on seeds in early-sowing field. It was also apparent that the seed maturation period in the early-sowing field was longer than that in the late-sowing. Thus the severity of the disease on seeds is considered to be a result of the long period of exposure of the seeds to infection. 
